ABSTRACT Serum periostin is a potential biomarker of response to therapies that target type 2 inflammation in asthma. The objectives of this study were to describe: 1) the distribution of serum periostin levels in adults with symptomatic airflow obstruction; 2) its relationship with other variables, including type 2 biomarkers; and 3) the effect of inhaled corticosteroids on periostin levels.
Introduction
In asthma, biomarkers have been used to explore underlying pathogenesis, define specific disease phenotypes, and identify subgroups of patients who preferentially respond to different treatments [1, 2] . Sputum eosinophilia and elevated exhaled nitric oxide fraction (FeNO) identify an asthma phenotype highly responsive to inhaled corticosteroid (ICS) therapy, and in which ICS treatment may be titrated by measurements of these biomarkers [3, 4] . Biomarkers may also identify a phenotype of severe asthma, refractory to ICS therapy, which may show greater response to novel treatments targeting eosinophilic type 2 inflammation. Clinical trials of mepolizumab and reslizumab, monoclonal antibodies directed against interleukin (IL)-5, have provided evidence that a responder group characterised by eosinophilic airways inflammation can be identified through measurement of sputum eosinophils, blood eosinophils or FeNO levels [5] [6] [7] [8] . Peripheral blood eosinophil count, FeNO and serum periostin have also shown utility in identifying responder groups to omalizumab, an anti-IgE monoclonal antibody therapy [9] , and lebrikizumab, an anti-IL-13 monoclonal antibody therapy [10, 11] .
Periostin, a matricellular protein detectable in serum, has a strong association with airways eosinophilia in severe asthma [12, 13] . The gene coding for periostin is among the most highly up-regulated genes in asthma [14] . Periostin expression in airway epithelial cells can be regulated by the key T-helper (Th)2 cytokines IL-4 and IL-13 [15] . Periostin has a role in stimulating the transforming growth factor (TGF)-β signalling pathway involving matrix metalloproteinase-2 and -9, with epithelial cells overexpressing periostin causing TGF-β-dependent secretion of type 1 collagen by airway fibroblasts [16] . Periostin gene expression in airway epithelial cells is associated with an asthma phenotype driven by increased expression of IL-5 and IL-13, with high levels of serum IgE, systemic and lung eosinophilia, increased thickness of the reticular basement membrane and responsiveness to corticosteroids [14, 17] .
The relationships between serum periostin and severity of airflow obstruction, symptoms, health status and potential confounding factors, such as comorbidity, smoking status and ethnicity, are unknown. This information would be useful for clinical interpretation of periostin levels in an individual.
Serum periostin was measured as part of the New Zealand Respiratory Health Survey (NZRHS), in which the phenotypes of obstructive airways disease were investigated by cluster analysis [18] . The aims of this secondary exploratory analysis of the NZRHS were to determine: 1) the distribution of periostin levels in a random sample of adult subjects with symptoms of obstructive airways disease; 2) its relationship with other clinical and pathophysiological features, including type 2 biomarkers; and 3) the effect of ICS treatment on periostin levels in ICS-naïve subjects.
Methods
The design of the NZRHS has been reported previously [18] . In summary, the NZRHS was a cross-sectional study designed to explore phenotypes and biomarkers in adults aged 18-75 years, with symptoms of obstructive airways disease. Participants with self-reported wheeze and breathlessness in the past year were drawn from a random population sample of the electoral roll in the Wellington region of New Zealand. Doctor-diagnosed asthma or chronic obstructive pulmonary disease were not a requirement for inclusion. Participants attended for detailed assessment, with complete lung function and phenotype data available in 389 individuals, of whom 386 had baseline serum periostin measurements and are included in this analysis. The 125 participants not receiving ICS at baseline completed a 12-week, open-label trial of budesonide (400 μg via turbuhaler twice daily) followed by repeat assessment. Following a protocol amendment during the study, blood samples were also drawn for a subset of 49 subjects after 12 weeks of ICS for repeat measurement of serum periostin to enable an exploratory analysis of the effects of ICS therapy on serum periostin levels.
Ethical approval was given by the Central Regional Ethics Committee of New Zealand (CEN/09/12/095) and written informed consent was obtained from all participants prior to testing. The NZRHS was registered with the Australian New Zealand Clinical Trials Registry (ACTRN12610000666022).
Lung function and reversibility testing Lung function testing was performed in accordance with American Thoracic Society (ATS) guidelines [19] , with lung volumes measured by body plethysmography (Masterscreen Body; Erich-Jaeger, Friedberg, Germany). Post-bronchodilator measurements of forced expiratory volume in 1 s (FEV1) were performed 30 min after metered dose inhaler administration of 400 μg salbutamol through a spacer (Volumatic; GlaxoSmithKline, Brentford, UK). FeNO was determined according to ATS guidelines [20] with an online nitric oxide monitor (NiOX; Aerocrine AB, Solna, Sweden).
Blood tests
Serum periostin levels were determined from blood samples obtained on the day of lung function testing. Full blood count and differential (Sysmex platform, Mundelein, IL, USA) were performed immediately; blood samples were coagulated for 30 min, centrifuged and the serum stored at −80°C prior to analysis of: total IgE (Roche modular, Indianapolis, IN, USA); high-sensitivity C-reactive protein (Roche modular); and serum Phadiatop (Phadia, Uppsala, Sweden), a composite test for a panel of specific IgE with a positive test signifying atopy. Serum periostin levels were determined using the clinical trial version of the Elecsys Periostin assay (Roche Diagnostics, Penzberg, Germany). This is an automated electrochemiluminescence immunoassay, based on the sandwich principle, utilising the same antibodies as those previously reported by JIA et al. [12] .
Questionnaires and medical history Disease control and health status were assessed with the seven point Asthma Control Questionnaire (ACQ-7) [21] and the validated New Zealand version of the St George's Respiratory Questionnaire (SGRQ) [22] . Symptoms and medical history were obtained using questions drawn from a series of validated questionnaires, with comorbidities recorded using questions from the ATS Division of Lung Diseases questionnaire (ATS-DLD-78) [23] .
Statistical methods
The relationships between serum periostin and other continuous variables were explored by scatter plots and the strengths of the associations were assessed by the rank-based Spearman coefficient because of the skew distribution of some of the continuous variables. A post hoc analysis of the relationship between serum periostin and each of IgE, FeNO and eosinophil count, in relation to whether participants had or did not have doctor-diagnosed asthma, was performed by ANCOVA. This method assumes that there is a relationship, measured by a slope term (corresponding to a correlation coefficient in the simpler analyses), between serum periostin and each of the continuous variables. An interaction term between the categorical variable of having or not having doctor-diagnosed asthma and each of IgE, FeNO and eosinophil count tests if the slope relationship is the same in those with and without doctor-diagnosed asthma. If the interaction term is statistically significant this means that the strength of the association is different in these two groups. To meet normality assumptions, IgE, FeNO and periostin were logarithm transformed for these analyses. The Mann-Whitney or Kruskal-Wallis tests examined the strength of association between categorical variables and serum periostin. For dichotomous variables, where appropriate, a location shift was estimated using the Hodges-Lehmann method and associated confidence interval. Although a nominal value of 0.05 is used for statistical significance, in this exploratory study we did not adjust for multiple statistical testing. SAS version 9.3 (SAS Institute, Carey, NC, USA) and R version 3.02 (www.r-project.org/about.html) were used for the statistical analysis.
Results

Sample description
The participants are described in table 1. There was a wide range of demographic characteristics, risk factors for lung disease, severity of airflow obstruction and symptoms.
Distribution of serum periostin, FeNO, blood eosinophil and serum IgE levels The distribution of serum periostin values was right skewed. The natural logarithm transformation leads to a more symmetric distribution (figure 1). The mean±SD serum periostin was 57.3±18. 6 figure S1 ).
The distribution of FeNO was also right skewed. The median (IQR) for FeNO in participants with and without asthma was 22.6 (13.5-41.4) ppb and 20.5 (12.9-25.5) ppb, respectively. The distribution of serum periostin in participants with high versus low FeNO levels is shown in figure S2 . For serum IgE levels, the median (IQR) was 117.8 (28- (p=0.002). There were no significant associations between serum periostin level and a history of rhinitis, eczema or baseline ICS use.
In the post hoc interaction analysis there was no evidence of a difference in the slope of the relationship between logarithm periostin and either logarithm FeNO, eosinophil count or logarithm IgE based on whether the participant had or did not have doctor-diagnosed asthma. The p-values for the interaction terms were 0.99, 0.15 and 0.40 for logarithm FeNO, eosinophil count and logarithm IgE respectively.
For those with doctor-diagnosed asthma the logarithm FeNO (95% CI) was 0.19 (0.01-0.38) higher (p=0.042), which is equivalent to a ratio of mean FeNO of 1.21, and the slope of the logarithm FeNO to logarithm periostin increase was 0.60 (0.33-0.87; p<0.001). This is consistent with a ratio of mean FeNO of 1.5 per doubled periostin level. For those with doctor-diagnosed asthma, the median (95%) eosinophil count was 0.03 (−0.0006-0.08) cells×10 9 
·L
−1 higher (p=0.092) and the slope of the eosinophil count to logarithm periostin increase was 0.20 (0.14-0.26; p<0.001), which is consistent with an increased eosinophil count of 0.14 cells×10 9 ·L −1 per doubled periostin level. The difference (95% CI) in logarithm IgE between those with and without doctor-diagnosed asthma was 1.07 (0.50-1.65), which is consistent with a mean ratio of IgE of 2.1. The slope of logarithm IgE to logarithm periostin increase was 0.76 (0.37-1.15; p=0.02), which is consistent with a ratio of mean IgE of 1.7 per doubled periostin level. 
Severity of airflow obstruction
There was a weak negative association between serum periostin and FEV1 % predicted (Spearman's rho −0.13, p=0.014) (figure 2d), and a weak positive association with functional residual capacity % predicted (Spearman's rho 0.15, p=0.004). There were no statistically significant associations between serum periostin and any of the following: FEV1/FVC ratio, transfer factor, reversibility to salbutamol or peak flow variability (Spearman's rho between −0.08 and 0.08, p⩾0.10).
Medical history and risk factors
There was a weak negative association between serum periostin and body mass index (Spearman's rho −0.15, p=0.003). A diagnosis of gastro-oesophageal reflux disease (GORD) was associated with a lower serum periostin: median (IQR) 50. 
Ethnicity
The data distribution of serum periostin by ethnicity is shown in ). The change in asthma-related variables in response to ICS therapy is shown in table 4. There was no significant association between baseline serum periostin and change in ACQ, FeNO, FEV1, peak expiratory flow rate variability or SGRQ (Spearman's rho between −0.14 and 0.05, p⩾0.1 for all). There was also no association between baseline FeNO and change in ACQ, FEV1, peak expiratory flow rate variability or SGRQ (Spearman's rho between −0.13 and 0.07, p>0.1).
Serum periostin values were obtained at both the beginning and end of the open-label cohort study for 49 out of 125 ICS participants. Table 5 shows baseline periostin, post-ICS periostin and change in baseline periostin for this sub-group. The Hodges-Lehmann estimator (95% CI) of change in serum periostin was −4.8 (−6.7-−3.2) ng·mL −1 ( p<0.001). There were no statistically significant associations between the change in serum periostin and change in the asthma-related variables, (Spearman's rho between 0.05 and 0.21, p>0.15). In a post hoc analysis there were no differences in response to ICS, based on high versus low FeNO, serum periostin or blood eosinophil count (tables S1 and S2).
Discussion
This study describes the distribution of serum periostin values in a random adult population with symptoms of obstructive airways disease. Periostin showed a weak association with markers of type 2 inflammation and a weak inverse association with the severity of airflow obstruction. ICS therapy was associated with a reduction in serum periostin level.
The notable features of the distribution of serum periostin levels in this sample were the wide, 11-fold range from 15-165 ng·mL −1 and the marked right skew distribution. The median serum periostin of 54 ng·mL −1 was similar to the median of 50.2 ng·mL −1 previously reported in adults with moderate and severe asthma inadequately controlled despite ICS therapy [10] . Likewise, the mean serum periostin of 57 ng·mL −1 was similar to the 53 ng·mL −1 reported in severe persistent allergic uncontrolled asthma despite treatment with high-dose ICS plus long-acting β-agonist therapy [9] . This suggests that periostin is not a measure that can usefully discriminate patients with severe asthma from a population with symptomatic but nonspecific airflow obstruction.
In order for serum periostin to be useful in guiding personalised asthma therapy, physicians need to be able to interpret periostin values in the context of an individual patient's characteristics, risk factors and medical history. The findings of this study suggest that periostin values do not need to be adjusted to take account of a patient's age, sex or smoking history. Likewise, although periostin expression in cardiac tissues is upregulated after cardiac injury [24, 25] , there was no association between serum periostin and an individual's history of cardiovascular disease, hypertension or diabetes. The major potential confounding variable that physicians might need to be aware of when interpreting periostin levels in airways disease is GORD, which, in this study, was associated with lower levels of serum periostin. It is not clear whether the presence of GORD downregulates periostin expression or if participants with significant GORD had respiratory symptoms secondary to non-type 2-related inflammatory pathways. There was a weak inverse correlation between body mass index and serum periostin, which may be due to a decreased incidence of eosinophilic inflammation in some obese people with asthma [26, 27] .
The associations between serum periostin and FeNO, IgE, blood eosinophil count and atopic status were statistically significant, albeit weak. The associations were similar in those with and without doctor-diagnosed asthma. Together with the observations that FeNO and blood eosinophil counts are not clearly related [28, 29] and that FeNO, IgE and blood eosinophil counts, both separately and combined, have variable accuracy in predicting sputum eosinophil percentages [30] [31] [32] , this suggests that these biomarkers, including periostin, might identify different aspects of type 2 inflammation. This complexity of type 2 inflammation does not reduce the observed utility of periostin and other biomarkers as predictors of response to monoclonal antibody therapy directed against components such as IL-5, IL-13 or IgE [5] [6] [7] [8] [9] [10] [11] .
Serum periostin was only weakly associated with the degree of airflow obstruction as measured by FEV1 % predicted, and was not correlated with FEV1/FVC ratio. Together with our observation that periostin levels in this cohort with predominately mild-to-moderate airflow obstruction is similar to that previously reported in adults with severe poorly controlled asthma [9, 10] , this suggests that periostin levels might not be a clinically relevant marker of asthma severity. However, relevant to this interpretation we observed in our ICS responsiveness study in ICS-naïve subjects that 12 weeks of treatment with ICS was associated with a reduction in serum periostin of 4.8 ng·mL −1 (∼10% of the baseline value). This suggests that one of the reasons why serum periostin levels were similar in this population of adults with mild-to-moderate airflow obstruction to those with severe asthma [9, 10] might be because the high-dose ICS therapy of severe asthmatics might have reduced the periostin levels.
We did not identify a relationship between baseline periostin and response to ICS apart from a weak association with the ACQ-7 score. This contrasts with the previous demonstration that asthma patients with a "Th2-high" phenotype, characterised by high periostin gene expression in the airway, preferentially respond to ICS therapy with improvements in lung function, compared to a "Th2-low" phenotype [17] . It is probable that the participants in our study did not have a sufficiently strong type 2 pattern of disease or asthma severity to show a relationship between these biomarkers and ICS responsiveness. This interpretation would be suggested by our inability to show an effect of ICS on lung function, or an association between baseline FeNO and response to ICS, which has been previously demonstrated [1, 2] .
The NZRHS used a random population sampling approach and our findings are, therefore, likely to be applicable to the general population of individuals with symptoms of obstructive airways disease. We did not employ purposive sampling of different ethnic groups, and the finding of higher mean serum periostin in participants self-identifying as Asian requires validation. The reference range of serum periostin in different populations, including disease-free populations, is not known and should be a focus for future research. The associations we have found should be considered and interpreted cautiously, as we did not adjust for performing multiple statistical tests and so some of our associations may be due to type I error rate inflation and require validation in other samples.
In summary, we provide data on the distribution of serum periostin levels in adults with symptoms of obstructive airways disease. The findings support the interpretation that serum periostin might be a distinct marker of a type 2 pattern of airway disease and, therefore, potentially a predictor of response to biological agents targeting this pathway [9, 12] .
